OBJECTIVE: (7)-Hydroxycitric acid ((7)-HCA) is available as a herbal supplement, and promoted as a weight loss agent. It is hypothesized that (7)-HCA can increase fat oxidation by inhibiting citrate lyase, an enzyme which plays a crucial role in energy metabolism during de novo lipogenesis. The indirect inhibition of the cytosolic pool of citrate by (7)-HCA and the subsequent reduction in acetyl coenzyme A and oxaloacetate alters steps in the citric acid cycle that promote fat oxidation. The objective of this study was to determine the effect of (7)-HCA on marker substrates of altered metabolism, as well as on respiratory quotient (RQ) and energy expenditure (EE) in humans, following an overnight fast and during a bout of exercise. HYPOTHESIS OF STUDY: We hypothesized that supplementation with (7)-HCA would result in an increase in fat oxidation and metabolic rate, re¯ected by an increase in b-hydroxybutyrate and EE andaor a decrease in RQ. Furthermore, during moderately intense exercise, we hypothesized that (7)-HCA supplementation would increase the rate of lactate conversion to glucose in the liver, with a subsequent reduction of circulating lactate and an elevation of circulating ketone bodies due to the increased partial oxidation of fatty acids (FA) in mitochondria. Studies have examined the fat regulating action of (7)-HCA on steps of the citric acid cycle in rodents showing reductions in body weight and food intake. No studies have investigated the effects of (7)-HCA supplementation in conjunction with a typical daily dietary composition (that is approx 30 ± 35% fat) on metabolic processes which could in¯uence body weight regulation in humans. DESIGN: This was a double blind, placebo controlled, randomized, crossover study involving three days of (7)-HCA (3.0 gad) or placebo supplementation. The effects of (7)-HCA supplementation on metabolic parameters with or without moderately intense exercise was studied over four laboratory visits. SUBJECTS: Sedentary adult male subjects (n 10, age: 22 ± 38 y, body mass index (BMI) 22.4 ± 37.6 kgam 2 ). MEASUREMENTS: Two of the four visits involved no exercise (Protocol A) with and without (7)-HCA treatment, while the remaining two visits included a moderately intense exercise bout (Protocol B; 30 min at 40% maximal aerobic ®tness (VO 2 max) and 15 min at 60% VO 2 max) with and without (7)-HCA treatment. EE (by indirect calorimetry) and RQ were measured for 150 min following an overnight fast. Blood samples were collected for the determination of glucose, insulin, glucagon, lactate, and b-hydroxybutyrate concentrations. RESULTS: In a fasted state and following 3 d of (7)-HCA treatment, RQ was not signi®cantly lowered during rest (Protocol A) nor during exercise (Protocol B) compared with the placebo treatment. Treatment with (7)-HCA did not affect EE, either during rest or during moderately intense exercise. Furthermore, the blood substrates measured were not signi®cantly different between treatment groups under the fasting conditions of this study. CONCLUSION: These results do not support the hypothesis that (7)-HCA alters the short-term rate of fat oxidation in the fasting state during rest or moderate exercise, with doses likely to be achieved in humans while subjects maintain a typical Western diet (approx 30 ± 35% total calories as fat).
Introduction
A large selection of natural herbal supplements is currently being prominently marketed as weight loss agents. (7)-Hydroxycitric acid ((7)-HCA) is one such supplement taken widely for weight loss, and is purported to affect metabolism and to induce body weight loss primarily through an increase in fat oxidation or`accelerated fat burning'. However, there is little evidence of its effectiveness in humans consuming typical Western diets. (7)-HCA is an active ingredient that is extracted from the rind of the fruit Garcinia cambogia, a native species of southern India 1 , and is an inhibitor of citrate lyase, 2,3 a cytosolic enzyme which plays a crucial role in energy storage and reduces appetite in rodents. 3 The role of (7)-HCA is thus inhibitory in the production of acetyl coenzyme A (CoA) and so might produce weight loss via two mechanisms: 1) by inhibiting or limiting the capacity for de novo lipogenesis 4 and 2) via inhibiting malonyl CoA formation, which in turn, would activate carnitine palmitoyl transferase I activity and increase fat oxidation 5, 6 ( Figure 1 ). There are reports to support the role of (7)-HCA in promoting weight loss during a de novo lipogenic state in rodent studies, 4, 7, 8 however, most people taking these weight loss supplements are not consuming diets that produce substrate de novo lipogenesis. If these people were to consume very low fat diets, they would probably not require assistance in weight reduction.
A lower rate of fat oxidation has been identi®ed as a risk factor for development of obesity in many populations. 9, 10 If the hypothesis above is correct, (7)-HCA should produce a shift toward a higher proportion of fat in the fuel mixture oxidized (that is, lower respiratory quotient (RQ)) and may even produce a slight increase in total absolute fat oxidation (that is, total energy expenditure (EE)) if lipolysis is increased above the basal level. Therefore, it is reasonable that an effect of (7)-HCA in increasing fat oxidation would reduce fat storage and therefore reduce the tendency for obesity, making (7)-HCA a useful tool for the promotion of weight loss.
In this study, the effect of (7)-HCA on the regulation of metabolism in humans consuming a typical Western diet (approx 30 ± 35% total calories as fat) was examined both at rest and during moderately intense exercise. Speci®cally, we investigated the hypothesis that (7)-HCA supplementation would decrease the RQ in response to an increased rate of fat oxidation and increase EE. In addition, we studied the effect of (7)-HCA supplementation on circulating blood substrates at both rest and during exercise, to try and elucidate the mechanism of action of (7)-HCA on fatty acid (FA) oxidation in persons consuming a typical mixed diet.
Research Methods and Procedures

Subjects
The subjects who participated in this study were 10 sedentary males aged between 22 ± 38 y, who were non-smokers and had no history of cardiovascular disease (CVD), diabetes, dyslipidaemia, or any other major health problems. The study was approved by the Colorado Multiple Institution Review Board at the University of Colorado Health Sciences Center and all subjects signed approved consent before participating in the study. The subjects were weight stable (`0.5 kg change in body weight) prior to and during the study.
Protocol
This was a double-blind, placebo controlled, randomized, crossover study, to examine the effects of (7)-HCA supplementation on EE, RQ and blood substrate concentrations, at rest and during exercise. Subjects were instructed to follow their usual daily dietary and physical activity routines throughout the study period. All subjects were sedentary and consumed diets typical of the American diet (approx 30 ± 35% total calories as fat). Following an initial Health and Physical Examination, all subjects underwent the following baseline determinations: 1) resting metabolic rate (RMR) following an overnight fast, 2) aerobic ®tness level assessed by maximal aerobic ®tness (VO 2 max), and 3) body composition determined by dual energy x-ray absorptiometry (DEXA). Measurements of VO 2 max and RMR were made at least 36 h after the last bout of any exercise. Body weight and height were recorded at baseline and before each subsequent study visit, with the subjects wearing light clothing and no shoes. Subjects voided before being weighed.
RMR. RMR was measured using a ventilated hood system (SensorMedics 2900 Oxygen Uptake System, Yorba Linda, CA). Subjects reported to our laboratory after an overnight fast. In place of a self-selected meal the evening prior to studies, subjects were instructed to consume a standard liquid meal of two ready-todrink Ultra Slim.Fast1 servings consisting of 921 kJ (220 kcal) each (Ultra Slim.Fast1 Foods Company, West Palm Beach, FL). Each Ultra Slim Fast1 meal contains approx 5 g ®bre, 10 g protein and 3 g fat. No other changes to their daily dietary routine were imposed throughout the study. On the mornings of testing, subjects rested quietly for 45 min, and then RMR was measured continuously for 15 min. In our laboratory, reproducibility tests show an average covariation (CV) of 5 ± 6% in RMR over 45 min between trials of the same subjects.
Measurement of aerobic ®tness. We determined aerobic physical ®tness as the VO 2 max of the subject Figure 1 Mechanism of action of (7)-hydroxycitric acid ((7)-HCA) on fatty acid (FA) metabolism. (7)-HCA is a strong allosteric competitor of citrate, decreasing the formation of cytosolic acetyl coenzyme A (CoA). The decreased availability of acetyl CoA would lead to a reduced formation of malonyl CoA which, in turn, would stimulate the activity of carnitine transferase (CAT), the enzyme responsible for the transfer of fats back into the mitochondria for oxidation. Insulin indirectly makes CAT more sensitive to inhibition by malonyl CoA, whereas glucagon activates CAT and promotes lipolysis. This protocol increases speed and gradient of the treadmill every 3 min until volitional exhaustion. Oxygen consumption and carbon dioxide production were measured continuously using the SensorMedics 2900 Oxygen Uptake System. VO 2 max was de®ned as the highest rate of oxygen consumption achieved by the subject. To be sure that true VO 2 max had been reached, the maximum heart rate had to be near the maximum age-predicted heart rate, and the RQ had to be b 1.1. In addition, heart rate and blood pressure were monitored before and every 1 min and 3 min, respectively, during and after the treadmill test. The within-subject CV for VO 2 max in our laboratory is 4%. VO 2 max is reported in terms of ml of O 2 per kg of body weight per min.
Body composition. Body composition was determined by DEXA using a Lunar DPX-L bone densitometer (Lunar Corp., Madison WI) using the Lunar DPX-L software package Version 1.35. The subjects remained supine for the test and the fast scan mode was used (this scan is used for subjects weighing 125 kg in our laboratory). The estimation of body fatness was based on the proportion of fat mass compared with total body weight. Reproducibility tests in our laboratory show an average difference of 2 ± 4% between trials of the same subjects.
Following baseline assessments, subjects were studied under four conditions in a 2Â2 factorial design over four weeks as shown below:
The order of administration of the four conditions, was randomly determined for each subject by an independent member of our laboratory staff. Each of the subsequent four laboratory visits was separated by at least one week.
Protocols A and B. Subjects were instructed to ingest the supplements (either 3.0 gad (7)-HCA or placebo) for a 3 d prior to a laboratory visit, with half the daily dose taken in the morning and the remaining dose taken in the evening. Subjects were provided each week with only enough supplements for the 3 d before each testing session and, therefore, no supplement was consumed by a subject before arriving at the laboratory for testing. Each (7)-HCA tablet contained 200 mg (as a pure compound), therefore, each subject consumed 15 tablets (either (7)-HCA or placebo) each day. (7)-HCA and placebo tablets were manufactured by Sabinsa Corporation (Piscataway, NJ). The identity of the tablets was unknown to the study investigators until the completion of data collection.
On the testing assessment days, subjects arrived at the laboratory between 07.00 ± 08.00 h in an overnight fasted state ( Figure 2 ). Subjects only consumed the liquid meal for their evening meal prior to each laboratory visit. Upon arrival, subjects were asked to rest for 45 min lying on a bed in quiet surroundings. Following the rest period, RMR was measured for 15 min by gas exchange (SensorMedics 2900 Oxygen Uptake System), as per the baseline RMR method. After the RMR determination, the subjects consumed eight tablets of either (7)-HCA (1.6 gad) or placebo and were instructed to remain lying down quietly. A 20 min period of absorption was allowed to pass before the subsequent measurements of EE and RQ (SensorMedics 2900 Oxygen Uptake System) were made. Calibration of the indirect calorimetry equipment was regularly performed during the testing sessions and between exercise bouts using standard gaseous mixtures.
For both protocol A and protocol B, the initial testing involved the 15 min RMR measurement as per the baseline method (see Figure 2 ). During protocol A and following (7)-HCA or placebo supplementation, subjects remained supine for the entire study period (an additional 135 min) viewing movie videos (relaxing, non-violent types) or listening to calming music. The measurements of gas exchange from this point were made with the subject wearing a dilution assembly mask (SensorMedics 2900 Oxygen Uptake System). Each measurement period was approximately 30 min, with subjects remaining in a quiet supine position. During protocol A, subjects had gas Figure 2 The protocol design for the rest alone (A) and rest plus exercise (B) testing sessions. Subjects consumed either (7)-hydroxycitric acid ( (7)-HCA) or placebo on day 1 ± day 3. Following an overnight fast, each subject completed each protocol twice, once following (7)-HCA supplementation and once following placebo supplementation. A 45 min rest period was followed by a 15 min resting metabolic rate (RMR) measurement. Following (7)-HCA or placebo supplementation and including a 20 min absorption period, RMR was measured for a further 120 min in protocol A. In protocol B, the post-supplementation session consisted of 60 min of RMR, 30 min of exercise at 40% maximal aerobic ®tness (VO 2 max), 15 min of exercise at 60% VO 2 max, and a ®nal 30 min of RMR. In both protocols, the total gas exchange measurement time was 150 min.
Protocol A: No Exercise
Protocol B: Exercise (7)-HCA n 10 n 10 (7)-HCA does not affect energy expenditure AD Kriketos et al exchange measurements taken for a total of 150 min (see Figure 2) . During protocol B, the 60 min of gas exchange measured following the ingestion of supplements (and as per protocol A) was followed by two bouts of moderately intense cycling exercise, using a Monark cycle ergometer 818E (Monark AB, Varberg, Sweden). Based on each subject's VO 2 max determination, the pedaling resistance of the ergometer was adjusted to coincide with the equivalent of each subject's 40% VO 2 max and 60% VO 2 max workload. Subjects pedaled for 30 min at 40% VO 2 max and followed this with 15 min at 60% VO 2 max. Upon completion of the exercise sessions, the subjects rested quietly for an additional 30 min, lying on a bed and gas exchange was again measured. In total, the gas exchange measurements during protocol B were collected over a period of 150 min.
EE and RQ. Energy expended by the subjects throughout the study was measured using the SensorMedics 2900 Oxygen Uptake System. Subjects wore a dilution assembly mask and gas exchange was measured for periods of 15 ± 30 min. RQ was determined as a ratio of CO 2 produced divided by O 2 consumed.
Submaximal exercise sessions. Following the maximal aerobic test at baseline, 40% VO 2 max and 60% VO 2 max workloads were determined for each subject. The appropriate workload was obtained within the ®rst 1 ± 2 min of exercise and maintained for the remaining time. During the exercise sessions, the air inspired and expired was analyzed and EE and RQ determined. During calibration of the SensorMedics equipment, the subjects remained sitting on the ergometer, consumed water if required, and began cycling at 60% VO 2 max approx 1 ± 2 min before measurement of gas exchange was resumed for 15 min.
Blood samples. During each protocol visit, blood was collected in the fasted state after subjects had rested for 5 ± 10 min. An additional blood sample was collected approx 60 min following the ingestion of supplements. During protocol A, a third blood sample was taken a further 120 min post-supplementation. During protocol B, two further blood samples were collected immediately after the 40% VO 2 max session and immediately after the 60% VO 2 max session, coinciding with 150 min-and 180 min-post-supplementation. Blood samples were obtained from a venous puncture using a 23G needle. Following the exercise bouts, blood was drawn while the subjects remained on the ergometer. All other blood draws were taken with subjects in a supine position. Blood samples were spun, serum and plasma separated, and stored at 7 20 C for later analyses.
The blood was spun and analyzed for plasma concentrations of glucose and insulin, and serum concentrations of lactate, glucagon and b-hydroxybutyrate. All samples were analyzed by the University Hospital Clinical Laboratory (Denver, CO). Glucose was determined by a standard glucose oxidase method. 12 Insulin and glucagon were determined by radioimmunoassay (RIA) and standard laboratory methods, respectively. 13, 14 Lactate was measured using a kit containing lactic dehydrogenase (LDH) and conversion to nicotinamide adenine dinucleotide (NADH) measured spectrophotometrically. 15 A common ketone body, b-hydroxybutyrate, was measured by standard laboratory methods. 16 Statistical methods. During periods of rest (that is, before the exercise bouts), a repeated measures analysis with four measurements on each subject and a two-level factor for treatment, was used. At times during and after the exercise bouts, separate repeated measures analyses with two measurements on each subject for both protocols were used. Results of the RQ and EE measurements are reported as the mean AE s.d. for each variable. Results of the blood substrate concentrations are reported as the mean AE s.e.m. for each variable. Statistical calculations and repeated measured analyses were performed using Microsoft Excel. Table 1 depicts the subject characteristics of this male population: 10 sedentary subjects, aged 22 ± 38 y, were selected and ranged in body fatness from lean (22.1% body fat) to obese (41.6% body fat). The level of aerobic physical ®tness determined at baseline by VO 2 max ranged from 18.0 ± 45.0 ml O 2 akgamin. Body weight did not change over the course of the study (`0.5 kg change in body weight).
Results
EE and RQ
Treatment with 3 gad of (7)-HCA over a period of 3 d, did not signi®cantly affect EE or RQ compared Figure 3 depicts the determinations of the RQ during the sessions of rest alone (3A) or rest plus exercise (3B). The average RQ for (7)-HCA and placebo treatments were not different over protocols A and B, during sessions of both rest and exercise ( Figure 3B ). Over the course of protocol A, the average RQ was 0.80 AE 0.01 following (7)-HCA treatment, compared to 0.81 AE 0.01 following placebo treatment. During protocol B, no signi®cant difference was observed in the RQ following (7)-HCA treatment compared to the placebo (0.84AE 0.01 vs 0.84 AE 0.01, respectively) ( Figure 3B ). Figure 4 depicts EE during sessions of protocol A and protocol B. The sum of energy expended throughout the course of protocol A (that is, 150 min) was similar for (7)-HCA treatment and placebo (2026 AE 54 kJah vs 1984AE 63 kJah, respectively; Figure 4A ). There was no signi®cant difference in energy expended during protocol B (that is, 150 min) between (7)-HCA treatment and placebo (5346AE 314 kJah vs 5421 AE 310 kJah, respectively) ( Figure 4B ).
During the exercise component of protocol B (that is, the sum of 30 min at 40%) VO 2 max and 15 min at 60% VO 2 max), there was no statistical difference in RQ between treatment groups (0.91AE 0.01 following (7)-HCA treatment vs 0.91AE 0.01 following placebo) or in EE (4010AE 297 kJah vs 4069 AE 297 kJah, respectively). For further data analysis, the ®rst four measurements of protocol A and protocol B, that is, during periods of rest alone (75 min), were combined for each treatment group. Following this, no signi®cant differences were found between (7)-HCA treatment and placebo for RQ or EE (data not shown). Therefore, 3.0 gad (7)-HCA treatment does not signi®cantly affect RQ or EE, either at rest or during moderateintensity exercise.
Blood Concentrations
Fasting blood glucose and insulin concentrations were not signi®cantly different following 3 d of (7)-HCA treatment, compared with the placebo (Figure 5A, B) . During the initial 60 min of each protocol, blood glucose concentrations decreased from initial baseline Figure 3 The determination of the respiratory quotient (RQ) during the sessions of rest along (A) or rest plus exercise (B). Following the initial 15 min gas exchange measurement, (7)-hydroxycitric acid ((7)-HCA) or placebo was consumed by each subject. After the 20 min absorption time, RQ measurements were resumed for a further 135 min post-supplementation. Each point represents the mean RQ value ( AE s.d.) for the measurement period depicted on the x-axis. 15' resting metabolic rate (RMR) is the mean RQ ( AE s.d.) for the 0 ± 15 min period of gas exchange measurement, whereas 90' post-tablet represents the RQ ( AE s.d.) for the 60 ± 90 min post-supplement period. 
continued to decrease (non-signi®cantly) following the exercise component of protocol B. At the completion of the measurement period, the blood glucose concentration was lower following protocol B compared to protocol A, but this was not statistically different. Insulin concentrations decreased throughout the morning in each protocol ( Figure 5B ), but there was no statistical difference due to treatment.
As expected, lactate rose signi®cantly in protocol B following the exercise component, compared with the rest condition of protocol A. However, there was no signi®cant difference in lactate concentrations due to treatment ( Figure 5C ), in either protocol A or protocol B. Lactate concentrations did not change from baseline throughout the extended fasting period of protocol A. Glucagon concentrations remained relatively constant through the rest alone sessions of protocol A and protocol B, but rose signi®cantly during the exercise component of protocol B ( Figure 5D ). As before, no signi®cant difference was found due to treatment. Towards the end of the extended fasting periods of both protocols A and B ( Figure 5E ) bhydroxybutyrate rose slightly. The concentration of this ketone body in the blood was not signi®cantly affected by exercise or (7)-HCA treatment.
Discussion
We failed to demonstrate an effect of (7)-HCA on RQ or EE in the fasted state either during rest or during moderately intense exercise on a cycle ergometer under laboratory conditions in male adults consuming a typical mixed diet. We did not detect an effect of (7)-HCA on circulating concentrations of blood substrates associated with fat oxidation and regulation of glucose metabolism in these subjects under these conditions. While these results do not directly address the effect of (7)-HCA on promoting weight loss (or preventing weight gain) during a de novo lipogenesis state, these results do not support (7)-HCA supplementation as an effective weight loss agent in people consuming a typical mixed diet.
The ®rst reports supporting the role of (7)-HCA in promoting weight loss during a de novo lipogenic state, were based on rodent studies. 4 In these animals, the effects of (7)-HCA included reduced food intake and increased lipolysis in the liver. 7 A short series of clinical studies from the University of South Carolina has shown that in humans (7)-HCA can induce weight loss in conjunction with a low-calorie diet (LCD) and exercise. 17 In this study, subjects received a daily dose of 750 mg of the calcium salt of (7)-HCA and the weight loss that resulted was between 4 ± 5 kg over the eight week study period. In contrast, a recent report describes a study in overweight men who received a daily dose of 1.5 g (7)-HCA over a period of 12 weeks, in conjunction with a physical activity program and an energy restricted diet. There was no signi®cant effect of (7)-HCA on body weight regulation, beyond that seen for the placebo treatment. 18 Exactly, how (7)-HCA exerts its effect on humans remains largely unknown and no reports currently exist to show any effect of (7)HCA supplementation in reducing dietary intake of humans.
It is possible, however, that our (7)-HCA treatment was not suf®ciently long (3 d) or that the dose used was insuf®cient to inhibit the enzyme citrate lyase under the in¯uence of a typical mixed diet. Very little information is available in the literature to help choose parameters of (7)-HCA treatment in humans. The dose of (7)-HCA selected for this study (3.0 gad) was based on a previous pilot study conducted by our laboratory and is greater than the doses used in published reports available in the literature (usually between 0.75 ± 1.5 gad). The daily consumer cost of 3.0 gd (7)-HCA is approximately $US40, and it seems unlikely that higher doses would represent an affordable treatment to be recommended by those advocating its use for weight control. It is possible that (7)-HCA might assist in weight reduction by reducing appetite or some other action that would be manifest only over a longer study period. There were no reports of signi®cant side effects by any of the subjects in the present study, but no reports on the short-or long-term safety of (7)-HCA supplementation in humans have been published.
A recent study has shown that rats fed a high carbohydrate diet (75% carbohydrate) and given (7)-HCA supplementation (dose was 52 mmol (7)-HCAakg of 70% dextrose diet, 3.74 kcalag) over 28 d resulted in a 12.6% increase in 24 h EE with no change in RQ. 19 This rodent diet was selected to represent the equivalent of what has been shown to stimulate de novo lipogenesis in humans. 20 If a high carbohydrate diet is needed in order for (7)-HCA to impact upon body weight, it may have a limited application for obesity treatmentaprevention. First, few (if any) people in the US who are needing to lose weight, consume such a diet. The typical diet in the US is relatively low in carbohydrate and high in fat, and would not promote de novo lipogenesis. Second, Schwartz et al 21 have found that human subjects show little de novo lipogenesis, even when given a very high carbohydrate diet. Finally, subjects consuming a very high carbohydrate diet are unlikely to need additional help in maintaining a healthy body weight. 22 
Conclusion
For many centuries, medicinal herbs have been extensively used in many cultures for the treatment of many ailments. The World Health Organization (WHO)
estimates that nearly 80% of the planet's population relies on traditional medicine, namely herbal remedies, as a primary source of health care. 23 Obesity is a chronic disease, with an increasing prevalence rate of obesity seen in the US and other western nations. 24 Current treatment options for this disease are limited and long-term success has been modest. 25 ± 27 An increasing number of people, frustrated with the lack of success from the medical community in treating obesity, have turned to alternative treatments. A large number of these treatments are available, and most have not been studied under controlled conditions. While it is tempting to turn to alternative treatments to deal with the dif®cult disease of obesity, it is unlikely that long-term success in weight management will occur without substantial lifestyle modi®cation. While some of the alternative treatments could be found to be helpful in weight management, they would, at best, be an adjunct to lifestyle modi®cation. While our study with (7)-HCA did not speci®cally measure changes in body weight, the inability to demonstrate metabolic changes consistent with citrate lyase inhibition suggests that this mechanism is not operable to promote weight reduction in a population consuming a typical mixed diet.
